Background. Human immunodeficiency virus (HIV)-infected people who inject drugs (PWID) frequently encounter barriers accessing and remaining on antiretroviral therapy (ART). Some studies have suggested that opioid substitution therapy (OST) could facilitate PWID's engagement with HIV services. We conducted a systematic review and meta-analysis to evaluate the impact of concurrent OST use on ART-related outcomes among HIV-infected PWID.
Although harm reduction programs for people who inject drugs (PWID) are being scaled up globally, coverage remains low [1, 2] . Approximately 30% of new infections outside sub-Saharan Africa are attributed to injecting drug use [3] , and the epidemic is growing in Central Asia and Eastern Europe [4, 5] . In recent years, increased injecting drug use has been documented in several countries with high human immunodeficiency virus (HIV) prevalence, such as Kenya and Tanzania [6, 7] , and new HIV outbreaks have occurred in PWID in other settings, including the United States [8, 9] .
Worldwide, new goals of achieving high coverage of HIV testing, treatment, and viral suppression have been proposed, with the aim of dramatically reducing global HIV transmission and morbidity [10] . However, PWID often have poor HIV treatment coverage [1, 11] and antiretroviral therapy (ART) outcomes [12, 13] , which could hamper progress toward these goals. To achieve these targets in this group, interventions are needed to improve treatment outcomes. One such intervention could be opioid substitution therapy (OST), also known as medication-assisted therapy for opioid dependence (MAT), which could potentially enhance the uptake and retention of PWID on ART [14] , their adherence to ART [15] , and possibly their treatment outcomes [16] .
To synthesize available evidence, we conducted a systematic review and meta-analysis to quantify the impact of concurrent OST use on the following ART outcomes among PWID: recruitment onto ART, adherence to ART, viral suppression and immune recovery, attrition from ART, individual mortality, and coverage at the programmatic level.
METHODS

Search Strategy
A systematic literature search was performed. The search identified studies describing the impact of OST on ART outcomes (search 1), and studies of PWID taking ART regardless of whether OST status was mentioned in the title or abstract (search 2). We searched Medline, Global Health, Embase, Social Policy and Practice, the Cochrane Library, and Web of Science including conference proceedings, from 1996 to November 2014 (see Supplementary Appendix 1 for search terms). We included experimental and observational studies that drew on quantitative methods, without any language or sample size restrictions. For additional sources, reference lists were screened, and known cohorts of PWID and corresponding author names were searched in Google Scholar.
Study Definitions and Outcomes
Interventions of Study
OST or MAT includes psychoactive medications administered under supervision with the aim of reducing opioid dependence and withdrawal symptoms; opioid agonists include methadone (methadone maintenance therapy), and buprenorphine; antagonists include naloxone or naltrexone. Older agents include codeine, levo-α-acetylmethadol, and morphine. ART was defined as highly active or combined HIV treatment, including ≥3 agents.
Study Outcomes
The primary outcome was the impact of OST in PWID on each step of the HIV treatment and care continuum following diagnosis [17, 18] . The primary outcomes are as follows: (1) ART coverage is the proportion of eligible HIV-infected PWID prescribed ART at a fixed point in time, and recruitment is the cumulative proportion who initiated ART during followup; (2) adherence to ART is the proportion of PWID on ART achieving a defined threshold of ART adherence, whether selfreported or objectively measured; (3) viral suppression is the proportion of those on ART with undetectable plasma HIV viral loads, based on the threshold of detection in each study (<500, <400 or <50 copies/mL); (4) CD4 count response to ART is the median or mean CD4 cell count increase over time on ART; (5) attrition from ART is the proportion of those on ART who were lost to follow-up or discontinued ART during follow-up, excluding those who died if data was available; and (6) mortality rate on ART is the HIV-related mortality rate during follow-up or, if this was not available, all-cause mortality rate.
Inclusion Criteria
Included studies presented outcomes of interest in adult (>15 years old) PWID populations where data were available to compare outcomes for PWID receiving OST to those not receiving OST. All studies describing active or former PWID were included, but, when available, data for active PWID were preferentially used (Table 1) . Active PWID were those who injected drugs within a defined recent time period, as described in the studies.
Studies of monotherapy or dual ART were excluded because of their limited relevance. We excluded review papers, modeling studies, commentaries, or editorials without primary data, but their reference lists were screened for additional sources. Studies describing substance abuse support, harm reduction services, or other forms of therapy without including OST as a core component were excluded. Studies were also excluded if the majority of drug users had never injected illicit drugs, or were only crack cocaine, alcohol, or methamphetamine users and therefore not eligible for OST.
Duplicate references were removed. Two reviewers conducted the search, screened titles and abstracts, and reviewed full-text articles or conference posters for inclusion. Disagreements on study eligibility were resolved with P. V., M. T. M., and N. J. W. Data were extracted from selected articles, including study design, recruitment methodology, outcome measurement, years of study, follow-up time and months of ART, number of participants, and measures of effect with 95% confidence intervals (CIs) where available. If not reported, CIs were calculated from raw data.
Data Analysis
Search results were summarized for each outcome, including the number of studies and separate cohorts represented. Where there were multiple publications from the same study or cohort for the same outcome, we included the most comprehensive in the meta-analysis, as defined by number of participants, years covered, and comparability of outcome measure with other studies, to minimize bias [19] . The proportion of women in each study was stratified as <25% or ≥25%. Geographical region was defined as North America, Europe, or Asia. For studies that did not report the final year of measurement, it was assumed to be 2 years before publication.
To provide a summary estimate for each outcome by OST status, crude odds ratios (ORs) or hazard ratios (HRs) and their standard error were log-transformed. Adjusted estimates were also pooled and the effect size compared to the pooled crude estimate. Outcomes were summarized using the predominant type of effect estimate (OR or HR), with conversion of differing estimates to maintain consistency when data allowed (Supplementary Appendix 2). Increases in CD4 counts were pooled using standardized mean difference (SMD) using the Hedges g adjustment, to account for the large variation in scale of measurement across studies [20] . Where studies reported a proportion with a predefined increase in CD4 count, the proportion was converted to an SMD by assuming a logistic distribution for CD4 counts, so that the SMD was estimated by multiplying the log OR and its standard error by √3/π [21] .
Summary effect measures were obtained using randomeffects meta-analysis, as we expected high between-study variability. Between-study heterogeneity was evaluated using the I 2 statistic and the P value for heterogeneity (Cochran Q statistic) [22] . For outcomes with data from ≥10 studies and high levels of heterogeneity, we performed random-effects meta-regression analyses to explore potential sources of heterogeneity, including a priori the method of outcome measurement for adherence, median length of follow-up or time on ART if available, and proportion of active PWID in the comparison group. Univariable and multivariable meta-regression analyses were performed: Time on ART or median follow-up time were included a priori in multivariable models, and any variables from the univariable analysis with P ≤ .20. Those variables that remained P ≤ .05 were retained in the final model. Meta-regression was performed using Stata software version 13.0. For those outcomes with fewer eligible studies, subgroup analyses were performed to compare summary effects. We assessed the risk of bias of each study for each included outcome against different domains, using recommended criteria [23] . Studies were judged as having low, high, or unclear risk of bias for each domain.
RESULTS
Search Results
The searches identified 4685 records, 3558 of which were not duplicates (Supplementary Figure 1) , with 32 meeting the inclusion criteria (Table 1 ). This included 36 327 participants in 19 cohorts from 9 countries. The median number of PWID per study was 294 (range, 28-23 813), and the median follow-up period was 24 months (range, 4-104 months) for longitudinal studies (n = 24). Few studies were from lower-income countries, mainly Asia. Abbreviations: AD, adherence; ALT, alanine aminotransferase; ART, antiretroviral therapy; AST, aspartate aminotransferase; AT, treatment discontinuation/attrition; BUP, buprenorphine; CD4, CD4 cell count response to ART; Cov, ART coverage; CS, cross-sectional; DMT, drug maintenance therapy including OST; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, 4th Edition; DU, drug use; HIV, human immunodeficiency virus; ICD-9, International Classification of Diseases, Ninth Revision; IDU, injecting drug use; MMT, methadone maintenance therapy; MO, mortality; NS, not specified within the text; NX, naloxone; OD, opioid dependence; OI, opportunistic infection; OST, opioid substitution therapy; PI, protease inhibitor; PWID, people who inject drugs; STD, sexually transmitted disease; UP, ART uptake; VL, viral load suppression. a If the end year of the study is not reported, it was assumed to be 2 years earlier.
Coverage and Recruitment Onto ART
Ten studies reported on ART coverage, including 3 crosssectional studies, 1 case-control study, 4 longitudinal studies, and 2 surveillance studies presenting coverage at baseline or a fixed time point (Supplementary Table 1 ). OST use was associated with a 54% increase in the odds of being on ART (OR, 1.54; 95% CI, 1.17-2.03; P = .002; Figure 1 ; Supplementary Estimates of recruitment onto ART were provided by 4 studies, with follow-up time ranging from 12 to 42 months (Supplementary Figure 2 ; Supplementary Table 1) . Three other studies were excluded: 1 duplicate, 1 for only providing a time ratio, and 1 for providing results as an OR that could not be converted to an HR. All excluded studies found a positive effect of OST on ART initiation. The pooled estimate for the effect of OST was an 87% increase (HR, 1.87; 95% CI, 1.50-2.33; P < . 001) in ART uptake, with no heterogeneity (I 2 = 0%; P = .55). There was no difference in the pooled estimate if a study where inactive PWID were the comparator was removed.
ART Adherence
Five studies reported on the effect of OST on adherence (Figure 2 ; Supplementary Table 3) . Only 2 studies used an objective measure of adherence ( pharmacy refills), whereas others used self-report, with adherence thresholds ranging from 80% to 100% of doses. In the pooled estimate, OST use was associated with a 2-fold increase in adherence (OR, 2.14; 95% CI, 1.41-3.26; P < .001), with high between-study heterogeneity (I 2 = 74%; P = .004). In a subgroup analysis, the effect was higher for studies using self-reported adherence (OR, 2.86; 95% CI, 1.35-6.04; n = 3) compared with using pharmacy refill (OR, 1.88; 95% CI, 1.11-3.17; n = 2), although both the latter studies were from Vancouver. In other subgroup analyses, there was no effect of the adherence threshold, proportion of females in the study, or geographical region.
Viral Suppression
Ten studies were included that described the impact of OST on viral suppression (detection threshold being 500, 400, or 50 copies/mL; Figure 3 ; Supplementary Table 4 ). Three studies Figure 1 . Forest plot of the effect of opioid substitution therapy on coverage of antiretroviral therapy (ART) among people who inject drugs (PWID), defined as the proportion of PWID on ART at a given time point. I 2 and P value are measures of between-study heterogeneity. Abbreviations: CI, confidence interval; N, total sample size of PWID; OR, odds ratio.
were excluded due to presenting time to viral suppression, where an OR could not be calculated, 1 for presenting the impact on viral loads as a continuous outcome, 3 for being duplicate cohorts, and 1 for presenting the number of visits with suppressed viral loads. The use of OST was associated with a 45% increase in the odds of viral suppression (OR, 1.45; 95% CI, 1.21-1.73; P < .001). The results were fairly homogeneous (I 2 = 22%; P = .24).
Increase in CD4 Count
Information on CD4 count gains following ART initiation was available for 4 studies (Supplementary Table 5 ). The association of OST with increases in CD4 count was difficult to assess because duration of follow-up varied between studies. For 2 studies, the median increase was marginally smaller in those on OST at 4 months (79 vs 111 cells/mm 3 ) and 6 months (39 vs 44 cells/ mm 3 ) following ART initiation, compared with those off OST. However, the increase was substantially larger for those on OST at 12 months in the latter study and another study (65 vs 14 cells/mm 3 and 46 vs 1 cell/mm 3 ). At 58 months, 1 study found more patients on OST had achieved immune restoration (gain of >100 cells/mm 3 ) than those not on OST.
Attrition or Treatment Discontinuation
There were 7 eligible studies describing ART discontinuation/ attrition (Supplementary Table 6 ). The average time on ART exceeded 12 months for all 5 studies reporting it. The pooled estimate found a 23% reduction in the odds of ART discontinuation if on OST (OR, 0.77; 95% CI, .63-.95; P = .01) with moderate heterogeneity (I 2 = 59%; P = .02; Figure 4 ). There was no significant difference in effect by sex, duration of ART, or when studies with inactive PWID were removed.
Mortality
Six studies were included in the analysis of the impact of OST on mortality while on ART (Supplementary Figure 3 ; Supplementary Table 7 ). Only 1 study presented the impact on HIV-related mortality. There was no evidence for a reduction in all-cause mortality rates among those on OST while on ART (HR, 0.91; 95% CI, .65-1.25; P = .55) compared to those just on ART, although there was substantial heterogeneity (I 2 = 74%; P = .002). The study reporting HIV-related mortality had comparable results. In a subgroup analysis, OST had a larger effect on mortality in 2 Asian studies (HR, 0.63; 95% CI, .57-.70; n = 2) than non-Asian studies (HR, 1.04; 95% CI, .77-1.40; n = 4). However, the Asian studies had fewer female participants and shorter follow-up than non-Asian studies.
Publication Bias
Some studies were judged to be at high risk of selection bias, for instance, due to poor representativeness if the cohorts consisted of volunteers, or if they did not ensure the outcomes were not present before exposure to OST (Supplementary Table 8 ). Some studies did not adjust for known confounders; thus, the results could be biased in terms of comparability of cohorts. However, sensitivity analyses limited to adjusted estimates did not substantially alter our results. Last, some studies had a high risk of bias due to their method of outcome assessment, mainly due to the outcome being self-reported or the study not accounting for differential loss to follow-up.
DISCUSSION
This is the first systematic review and meta-analysis summarizing evidence on the effect of OST, or MAT, on ART outcomes among PWID living with HIV. We found strong evidence of a positive impact on most outcomes: OST increased the coverage of ART by 54%, recruitment onto ART by 87%, ART adherence 2-fold, viral suppression by 45%, and reduced ART discontinuation by 23%. There was weak evidence that OST improves CD4 count gains, with greater benefits at ≥12 months, and little evidence of OST improving mortality among PWID on ART, although the results had considerable heterogeneity. Despite data being limited, there was little evidence that the effects of OST on ART outcomes varied by geographic region, except for ART coverage, where OST was associated with higher ART coverage in North America than in Europe, and mortality, which was reduced among those on OST in Asia but not elsewhere. There were insufficient studies to examine other geographical regions. These findings support a strong policy recommendation to provide integrated OST and ART care to PWID to improve individual clinical benefits, and the potential benefit of HIV treatment as prevention in this group.
The lack of observed impact on mortality in North America and Europe is likely due to the small number of studies. Several studies have shown that OST reduces mortality among PWID independent of ART [24, 25] , mainly as a result of reducing opiate overdose [26, 27] . A more recent study from Vancouver found that OST conferred additional benefits to ART in reducing both all-cause and HIV-related mortality [28] . This study benefited from linkage to relevant outcomes through a provincial database, thereby capturing more events accurately and providing more rigor to the mortality outcome, which is particularly vulnerable to attrition bias. Forest plot of the effect of opioid substitution therapy on plasma viral suppression among people who inject drugs (PWID) on antiretroviral therapy (ART), defined as the proportion of those on ART with undetectable plasma human immunodeficiency virus (HIV) RNA loads, based on the threshold of detection in each study (<500, <400 or <50 copies/mL). I 2 and P value are measures of between-study heterogeneity. Note that Roux used multiple thresholds depending on clinical site. Abbreviations: CI, confidence interval; N, total sample size of PWID; OR, odds ratio; threshold, number of HIV-1 RNA copies/mL used as threshold for HIV-1 RNA detection in that study.
As the studies included in this review are observational, it is possible that there were differences between the populations on and off OST that could partially explain differences in outcomes. Unfortunately, few studies presented relevant participant characteristics, such as sex, mental illness, alcohol use, or homelessness stratified by OST status, which made it difficult to assess whether these characteristics contributed to the observed effects. Studies have shown that PWID on OST are considered by practitioners to be more engaged and reliable than active PWID not on OST [29, 30] . It is possible that the increased uptake and coverage of ART in PWID on OST may result from practitioners' increased willingness to recruit them into HIV care [31] . Although improved adherence and viral suppression might reflect a more motivated patient, and may not be due to the assumed benefits of OST in reducing injecting drug use, a recent study using linked population-level data found that much of the improvement in adherence could be attributed to OST [32, 33] . It is also likely that integration of ART into OST care increases ART access for those on OST through increased convenience and reduced out-of-pocket costs, while those not on OST face additional challenges in navigating HIV care systems (A. Guise et al, unpublished data).
The limitations of this review include its dependence on a small number of studies for some outcomes, which reduced our ability to conduct meta-regression analyses to determine factors contributing to heterogeneity in our outcomes, and to control for potential confounding variables. We instead focused on measurable study characteristics and their associations with effect estimates. In addition, only comparative studies were included in our review; this was done to reduce the heterogeneity that would result from comparing ART outcomes across different populations.
Limited data came from 6 key countries (Ukraine, Russia, Vietnam, Malaysia, the United States, and China) that contain 50% of all PWID [34, 35] , despite not limiting our search by language or publication source. Furthermore, except for Indonesia and China, all studies were conducted in high-income settings. Estimates depended greatly on a few cohorts of PWID, likely skewing the data toward those particular settings. This is especially relevant given that the context in which OST is delivered is likely to vary and could affect the benefits of OST. Unfortunately, few studies included details of how OST and ART were provided. This emphasizes the need for further studies in lower-or middle-income countries, including models of integrated care, and how to optimize potential benefits by Figure 4 . Forest plot of the effect of opioid substitution therapy on antiretroviral therapy (ART) discontinuation or attrition among people who inject drugs (PWID), defined as the proportion of those on ART who were lost to follow-up or discontinued ART during follow-up. I 2 and P value are measures of between-study heterogeneity. Abbreviations: CI, confidence interval; N, total sample size of PWID; OR, odds ratio; time on ART, average time on ART for study participants.
co-locating ART and OST services, mitigating both drug use and HIV stigma, and reorienting OST and ART care philosophies to be more client-centered (Guise et al, unpublished data).
In conclusion, this systematic review found strong evidence to support the use of OST and its inclusion in routine HIV care for improving the treatment and care continuum among HIV-infected PWID. It supports the need for policy and health system reforms to accelerate the integration of OST and HIV treatment services. The review provides evidence for the multiple potential benefits of OST, and its pivotal importance in a combination approach to harm reduction [36] . This is particularly important for those countries with a significant or increasing prevalence of injecting drug use, and policy restrictions limiting expansion of harm reduction interventions [37, 38] .
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